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PEDICLE SCREW FOR OSTEOSYNTHESIS 

RELATED APPLICATION 

This application is a continuation-in-part of my pending 
International PCT application No. PCT/US97/23851 ?led 
Dec. 19, 1997 now US. application Ser. No. 09/582,836 
?led Jun. 20, 2000 Which in turn is a continuation-in-part of 
my application Ser. No. 08/771,133 ?led Dec. 20, 1996 
entitled Pedicle ScreW System for Osteosynthesis Which 
issued as US. Pat. No. 5,782,833. 

FIELD OF THE INVENTION 

The present invention relates to the medical ?eld com 
monly referred to as Osteosynthesis, i.e., the fusion betWeen 
segments of the spine and more particularly to a pedicle 
screW and rod system for immobilizing the segments during 
the fusion process. 

BACKGROUND OF THE INVENTION 

Osteosynthesis is achieved by immobilizing the bone. 
When trying to achieve osteosynthesis and speci?cally 
fusion betWeen different segments of the spine, one has to 
provide some type of immobiliZation. There are various 
prior art systems Which try to achieve this purpose. The 
different systems involve placement of screWs into the bone. 
The screWs are then connected to each other by use of 
various siZes of rods or a plate. The bone segments that are 
being connected, especially in the spine, may be carrying 
different angles and different medical-lateral positions. 
Placement of a rod With a rigid screW or placement of a plate 
betWeen tWo rigid screWs is dif?cult because of the medial 
lateral displacement or angulation at different segments. One 
has to bend the rod or plate and at times achieve a compleX 
bend in order to connect tWo different segments of the bone 
and especially tWo different areas in the spine. When dealing 
With the spine, the screWs are ordinarily placed into the 
pedicle, and due to the different positions of the pedicle and 
different angulations of the screW as it enters the pedicle, one 
encounters difficulty in positioning and connecting these 
screWs at various points. 

Even though one can create a complex bend at the rod or 
the plate in order to connect tWo or more screWs, there are 
places in the pedicle Where one runs the chance of stress 
risers at different points and breakage of the system as the 
bends can never be perfect. 

A screW system, Which is capable of accommodating the 
rod in a perfect location Without creating any appreciable 
areas of stress riser, Will alleviate some of the above prob 
lems. Such a screW system Would alloW the rod to be bent 
to achieve ?xation betWeen tWo different points While 
adjusting to any imperfections in the bend. 

There is at least one polyaXial screW system that has been 
used in the past Which Will achieve some of these goals; 
hoWever, there are some inherent problems With this par 
ticular system. This polyaXial screW has many components 
Which makes placement of such a screW cumbersome, Which 
in turn, lengthens the operative time for this particular 
procedure. The system has a locking screW on the inside as 
Well as a locking nut on the outside of the housing, Which 
causes the operation to take much longer to perform. The 
?Xation point Which Will lock the polyaXial screW and keep 
it from angling once the system is tightened is also not ideal. 

Several patents teach the use of a pedicle screW system 
Which appear to provide several degrees of freedom (i.e., 
rotation and limited angular de?ection about a ?Xed point) 
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2 
for the immobiliZation of bone segments. See for example 
US. Pat. No. 5,360,431 (“’431 patent”) to Puno et al, US. 
Pat. No. 5,443,467 (“’467 patent”) to Biedermann et al, US. 
Pat. No. 5,176,678 (“’678 patent”) to Tsou and US. Pat. No. 
5,206,678 (“Harms patent”) to Harms et al. Each of these 
patented structures has certain draWbacks including the use 
of a conventional nut to secure the rod into place for support 
of the bone segments. The nuts have ?at surrounding edges 
Which are engaged by a Wrench to tighten the nut. Due to the 
surrounding tissue, and the con?ned area, dif?culty can arise 
in placing the nut in the correct position thus requiring even 
more time to perform the operation. During the operation the 
patient is under anesthesia and this eXtra time increases the 
risk to the patient. Also, When secured the nut protrudes into 
the surrounding soft tissue after the operation is completed. 
This protrusion can lead to irritation of the surrounding soft 
tissue and possibly in?ammation. 

Another problem arising With the use of the nut is the 
tightening process. The nut is secured through the use of a 
Wrench. The Wrench requires space around the nut to be 
operable Which necessarily increases the scope of the sur 
gical procedure. Furthermore, the Wrench should not come 
into contact With the surrounding soft tissue to avoid the 
possibility of peripheral tissue damage. These limitations 
tend to further increase the risk to the patient during the 
operation. 
The Harms patent relies on nuts threaded on the immobo 

liZing rod to clamp the rod housing and the head of a pedicle 
screW together. In addition, the structure of this patent relies 
on a frictional engagement betWeen the screW head, housing 
and a compression member to prevent relative movement 
betWeen the housing and screW head When the nuts are 
tightened. I have discovered that the reliance on frictional 
forces in this type of arrangement is not satisfactory. 

There is a need for a more reliable pedicle screW and rod 
system Which may readily and rapidly be secured in place, 
With less bulky equipment and Which is less intrusive to the 
surrounding soft tissue. 

SUMMARY OF THE INVENTION 

The present invention addresses the stabiliZation of bone 
segments through the use of a polyaXial pedicle screW 
assembly and rod. The rod is arranged to be secured betWeen 
tWo or more embedded screW assemblies to immobiliZe 

segments of the spine. The assembly includes a screW Which 
has a head and a threaded cylindrical shaft Which is adapted 
to be threaded into the bone. The head of the screW has a top 
and bottom, both of Which are generally spherically conveX 
in shape With the bottom surface of the head merging into the 
shaft. The head of the screW is larger than the diameter of the 
cylindrical shaft. The top of the screW head has a Wrench 
engaging surface, such as an allen Wrench socket. 
The screW ?ts Within a polyaXial housing having a bore 

aligned along a longitudinal aXis for receiving the screW and 
a lateral opening or bore aligned perpendicular to the 
longitudinal aXis for receiving the rod. The polyaXial hous 
ing is divided into tWo sections. The top section of the 
housing receives the entire screW including the head and is 
formed by a pair of spaced upstanding opposed posts Which 
de?ne the lateral opening, generally U-shaped, for receiving 
the rod. The inner Walls of the posts are threaded for 
receiving a set screW Which secures the rod in place. The 
loWer section of the housing terminates in a reduced cross 
sectional area, preferably formed by an inWardly projecting 
annular shoulder, for engaging the bottom of the screW head 
along a line circumscribing the generally semispherical 
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bottom surface thereof to retain the screW head Within the 
housing. The screW, after insertion into the polyaxial 
housing, is threadably secured into the bone. 
A Washer, With a generally spherically concave bottom 

surface to engage the head of the screW, is then placed Within 
the housing. Preferably the bottom surface of the Washer is 
provided With a roughened surface, such as asperities in the 
form of sharp edges to provide a locking action betWeen the 
Washer and the screW head in the assembled condition. The 
top of the Washer is provided With a concave surface, 
preferably semicylindrical or saddle shaped, to conform to 
the shape of the rod. 

The loWer surface of the Washer and the terminal end of 
the housing provide for positive gripping surface action With 
the screW head thereby adding to the stability of the rod and 
screW, once in place. 

The screW assembly further includes a cup-shaped cap 
having tWo opposing openings to receive the posts and a 
cross-connector extending across the bottom of the cap. The 
cross-connector has a generally ?at top surface and a bottom 
With a concave semi-cylindrical or longitudinal saddle shape 
to conform to the shape of the rod. The bottom surface of the 
cross connector preferably provides and interference ?t With 
the upper surface of the rod to prevent relative movement 
betWeen the rod and the housing in the assembled condition. 
The radius of curvature of the bottom semi-cylindrical 
surface of the cross connector may be slightly smaller than 
the radius of the rod to form the interference ?t. The 
cup-shaped cap is adapted to be placed over the polyaxial 
housing With the bottom surface of the cross-connector 
making contact With the rod. 
A set screW of conventional con?guration is arranged to 

be threaded into the top section of the polyaxial housing by 
means of a Wrench inserted into a Wrench engaging surface, 
such as an allen Wrench socket, in the top of the set screW, 
to tighten the assembly into place. 

With the set screW in place, but not tightened, the assem 
bly has three degrees of freedom, i.e., rotatable and angu 
larly positionable about the head of the screW. The tighten 
ing of the set screW secures the assembly into a single 
position. The set screW alloWs the assembly to be tightened 
While overcoming the disadvantage of potential soft tissue 
damage due to the use of a nut. The screW assembly of the 
present invention When secured in place does not protrude 
into the surrounding soft tissue and thus reduces the risk of 
irritation and soft tissue damage. 

The present invention provides a highly ?exible and 
stable bone segment immobiliZation system With a mini 
mum number of components Which results in a reduction in 
the time that a patient must remain under anesthesia. 

The construction and operational features of the present 
invention may best be understood by reference to the 
folloWing description taken in conjunction With the 
appended draWings in Which like components in the several 
?gures are identi?ed by the same reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded vieW of a pedicle screW assembly 
and rod in accordance With the present invention; 

FIG. 2 is a cross-sectional vieW of the assembled pedicle 
screW system shoWing only a portion of the screW shaft; 

FIGS. 3 and 4 are elevational vieWs (from each side) of 
the screW head and partial shaft shoWing the lines of 
engagement betWeen the head of the screW and the locking 
ridges formed on the loWer surface of the Washer and the 
corner of the shoulder at the bottom of the housing; 

10 

15 

25 

35 

45 

55 

65 

4 
FIG. 5 is a perspective vieW of the housing for the screW 

assembly; and 
FIG. 6 is a cross-sectional vieW of the Washer Which 

engages the upper surface of the head of the screW. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring noW to the draWings and particularly to FIG. 1, 
a pedicle screW assembly in accordance With the present 
invention includes a pedicle screW 12 Which has a cylindri 
cal shaft 14 threaded at 15, and a head 16 formed integrally 
With the shaft. The head of the screW has a generally 
spherical shape, except for the junction of the shaft With the 
head. The spherical surface of the head of the screW is 
divided into upper and loWer surfaces With each surface (i.e., 
loWer 17 and upper 18) being generally semispherical. The 
top of the head of the screW includes an indentation in the 
form of a Wrench engaging surface 19. The Wrench engaging 
surface 19 is illustrated in the form of a hexagonal socket for 
receiving a suitable Wrench such as an alien Wrench. The 
Wrench engaging surface could also be in the form of a slot 
for receiving a screWdriver or any other suitable recessed 
shape. The head of the screW has a diameter Which is larger 
than the diameter of the threaded shaft 14 as is illustrated in 
FIG. 1. 

Referring noW to FIGS. 2 and 5, a polyaxial housing 20 
includes a bore 22 aligned along a longitudinal axis x-x for 
accommodating the passage of a screW therethrough except 
for the head Which is retained by a reduced cross-sectional 
area at the bottom 24 of the housing as Will be explained. 
The top section 26 of the housing includes a pair of 
upstanding posts 30 Which de?ne a lateral opening or slot 31 
(substantially perpendicular to the longitudinal axis) for 
receiving the rod 11. The inside Walls 32 of the posts are 
threaded to receive a set screW, to be described. The housing 
20 terminates at its loWer end in an inWardly projecting 
annular shoulder 34 Which forms the reduced cross-sectional 
area for retaining the screW head. The upper edge 36 of the 
shoulder 34 preferably forms a sharp corner Which engages 
the loWer semispherical surface 17 of the screW head 16 
along a line circumscribing the bottom surface 17 as is 
illustrated by the dashed line representing the shoulder 
corner and by the line 19a on FIGS. 3 and 4. During 
assembly the screW 14 is placed Within the polyaxial hous 
ing 20 such that the bottom 17 of the head of the screW 
comes into contact With the shoulder corner 36 at the bottom 
end of the housing as is illustrated in FIG 2. The head of the 
screW is thus captured or retained Within the loWer portion 
of the housing 20. 
A Washer 38 is adapted to be placed betWeen the rod and 

the upper surface of the head of the screW as is illustrated in 
FIGS. 1 and 2. The top surface of the Washer 38 includes a 
generally concave semicylindrical rod engaging surface 38a 
Which receives the rod 11. See FIG. 2. The bottom of the 
Washer has a generally concave spherically shaped screW 
head engaging surface 38b Which includes a roughened 
surface formed by a series of circular sharp edges or ridges 
38c. The sharp edges 38c are concentrically arranged in a 
stair step pattern around the central axis x-x of the housing, 
in the assembled condition, as is shoWn in FIG. 2. The stair 
step pattern of the ridges extends upWardly from the bottom 
of the Washer to a central opening 38d as is best illustrated 
in FIG. 2. The concentric ridge pattern on the bottom of the 
Washer is shoWn in FIG. 6. The ridges tend to score the top 
surface of the screW head along the lines 19b When a set 
screW, to be described, is tightened to clamp the housing to 
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the screw head. See FIGS. 3 and 4. While seven ridges are 
illustrated in FIGS. 2 and 6 it should be noted that the 
number of ridges can vary. 
A cup-shaped cap 42, having cylindrical outer and inner 

surfaces 44 and 46, respectively, is adapted to be placed over 
the polyaxial housing 20 and engage the top of the rod 11, 
as is illustrated in FIG. 2. The cap 42 has a bottom section 
48 With a pair of spaced arcuate openings 50 for receiving 
the posts 30 and a cross-connector or lateral beam 52 
spanning the lateral Width of the loWer inside surface of the 
cap betWeen the openings. See FIGS. 1, 2 and 4. The 
cross-connector 52 has a top 54 that is generally ?at and a 
bottom 56 that includes a longitudinal concave rod-engaging 
surface 57 (i.e., semicylindrical, saddle or U-shaped 
surface). The cap is adapted to be placed over the outside of 
the polyaxial housing so that the posts 30 extend through the 
openings 50 thus alloWing the cross-connector to be 
received betWeen the posts and Within the lateral opening or 
slot 31 of the housing. The cup-shaped cap 42 is arranged to 
proceed doWnWardly Within the longitudinal bore of the 
polyaxial housing until the rod engaging surface of the 
cross-connector comes into contact and preferably creates an 
interference ?t With the upper surface of the rod. This 
interference ?t may be provided by forming the loWer 
semicylindrical surface of the cross connector With a smaller 
radius than the radius of the rod is illustrated in FIG. 9 of 
co-pending application No. PCT/US97/23851, now US. 
application Ser. No. 09/582,836 Such an interference ?t 
prevents the rod from rotating or sliding When the assembly 
is clamped together by a set screW to be described. The 
disclosure of application No. PCT/US97/23851 is incorpo 
rated herein by reference. 
A conventional set screW 60 completes the pedicle screW 

assembly. The set screW includes external threads 62, a top 
64, and a bottom 66. The top 64 has a hexagonal indentation 
or recess Which serves as a Wrench engaging surface 68, i.e., 
a hexagonal socket. The bottom 66 is ?at. When inserted 
into the longitudinal bore of the polyaxial housing the 
threads of the set screW come into contact With the threads 
on the inner Walls of the posts 30. As the set screW 60 is 
tightened, the bottom 66 of the set screW comes into contact 
With the top 54 of the cross-connector forcing the housing 
upWardly or the rod doWnWardly or both until the rod is 
?rmly captured betWeen the head of the implanted screW 
(including the Washer) and the cap. 

The sharp edges 38c (forming the roughened bottom 
concave surface of the Washer 38) are forced against the 
upper surface of the screW head While the sharp corner 36 of 
the housing shoulder 34 is forced against the loWer surface 
of the screW head When the set screW is tightened to ?x and 
maintain the angular position of the housing relative to the 
screW. The biting action of the sharp edges 38c and the sharp 
corner 36 ?rmly lock the housing in place. Tests have 
illustrated that such sharp edges tend to score or form 
discernible lines on the outer surface of the screW head. This 
action positively locks the housing in place. To enhance this 
locking action the Washer is preferably made With a harder 
surface than the screW head. For example, the Washer is 
preferably made of heat treated titanium While the screW 
(and housing) may be made of titanium in a standard 
annealed condition. Heat treatment of titanium increases its 
tensile strength and hardness. Such heat treatment may 
increase the hardness value by about 10 to 20 percent. 

Since the set screW ?ts inside of the polyaxial housing, 
there is no contact betWeen the set screW and the tissue of the 
patient. This reduces the risk of tissue damage and alloWs for 
a more limited area of surgical intrusion for the installation 
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6 
of the pedicle screW assembly. Further, the Wrench engaging 
surface is more accessible and requires a less bulky Wrench 
or securing device to accomplish the tightening process. 
These factors lessen the time required for the operation, 
minimize tissue damage, and utiliZes a smaller securing 
device to ?x the assembly into position. 

Before the ?nal tightening operation, the polyaxial hous 
ing is freely rotatable and angularly displaceable about the 
head of the implanted screW. This freedom of movement, to 
accommodate any bends in the rod, is referred to herein as 
three degrees of freedom. As the proper alignment is 
achieved, the assembly can be secured in a single desired 
position by the ?nal tightening of the set screW. 
As a result of this procedure, the bone segments are 

brought into a stable immobiliZed position. 
While titanium is the preferred material for the assembly 

components, it should be noted that other high strength 
materials may be used such as stainless steel, providing of 
course that the material is compatible With the surrounding 
bone and tissue. 

The parameters of the present device may be altered in 
numerous Ways Without departing from the spirit and scope 
of the invention as de?ned in the appended claims. 
Therefore, it is intended that the draWing be interpreted as 
illustrative and not in any Way vieWed as being a limitation 
on the invention. 
What is claimed is: 
1. A pedicle screW assembly for use With a rod for 

immobiliZing bone segments comprising: 
a pedicle screW having a threaded shaft for insertion into 

a bone segment and an enlarged generally spherical 
head; 

a polyaxial housing having a bore With a longitudinal axis 
therethrough, for accommodating the passage of the 
threaded shaft there through, the upper portion of the 
housing including a pair of internally threaded opposed 
posts de?ning an opening substantially perpendicular 
to the bore axis for receiving the rod, the housing 
terminating at its loWer end in a reduced cross sectional 
area for engaging the bottom of the screW head along 
a line circumscribing the generally semispherical bot 
tom surface thereof to retain the screW head Within the 
housing; 

a Washer positioned Within the housing betWeen the rod 
and the top of the screW head, the Washer having a 
generally semispherical roughened bottom surface 
de?ned by a plurality of sharp projections; and 

a set screW for threadably engaging the internally 
threaded posts to clamp the assembly together, Whereby 
the head of the screW is clamped betWeen the rough 
ened loWer surface of the Washer and the loWer end of 
the housing. 

2. The pedicle screW assembly of claim 1 Wherein the 
loWer end of the housing forms an inWardly projecting 
shoulder having a corner facing the screW head in the 
assembled condition Which corner tends to bite into the 
loWer surface of the screW head When the set screW is 
tightened. 

3. The pedicle screW assembly of claim 2 Wherein the 
Washer has a harder surface than the pedicle screW. 

4. The pedicle screW assembly of claim 3 Wherein the 
hardness of the Washer is about 10% or greater than that of 
the pedicle screW. 

5. The pedicle screW assembly of claim 4 Wherein the 
screW is made of annealed titanium and the Washer is made 
of heat treated titanium. 
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6. The pedicle screw assembly of claim 5 wherein the 
Washer has a hardness value of about 10 percent greater than 
the hardness value of the screW. 

7. A pedicle screW assembly for use in conjunction With 
a rod for immobilizing bone segments comprising: 

a pedicle screW having a threaded shaft for insertion into 
a bone segment and an enlarged generally spherically 
shaped head; 

a polyaXial housing having a bore With a longitudinal aXis 
for accommodating the passage of the threaded shaft 
therethrough, the loWer portion of the housing termi 
nating in a reduced cross-sectional area for engaging 
the bottom of the screW head along a line circumscrib 
ing the generally semispherical bottom surface thereof 
to retain the screW head Within the housing, the upper 
portion of the housing de?ning a pair of upstanding 
posts forming a U-shaped slot therebetWeen to accom 
modate the rod and having interior threads; 

a lateral beam positioned Within the U-shaped slot and 
de?ning a concave generally saddle-shaped loWer sur 
face for engaging the upper surface of the rod; 

a Washer positioned Within the housing betWeen the rod 
and the head of the screW, the Washer having a concave 
generally saddle-shaped upper surface for engaging the 
loWer surface of the rod and a generally semispherical 
concave roughened loWer surface de?ned by a plurality 
of sharp projections thereon for engaging the upper 
surface of the head of the screW; and 

means for clamping the assembly together, Whereby the 
head of the screW is clamped betWeen the loWer surface 
of the Washer and the reduced cross-sectional area of 
the housing and the rod is clamped betWeen the loWer 
surface of the lateral beam and the upper surface of the 
Washer. 

8. The pedicle screW assembly of claim 7 Wherein the 
clamping means is a set screW. 

9. The pedicle screW assembly of claim 7 Wherein the 
loWer surface of the lateral beam is semicylindrical in shape 
With a smaller radius than the radius of the rod to provide an 
interference ?t With the upper surface of the rod to prevent 
the rod from rotating or sliding Within the housing When the 
set screW is tightened. 

10. The pedicle screW assembly of claim 9 Wherein the 
lateral beam forms the loWer portion of a cap having 
opposed openings Which ?t over the posts on the housing. 

11. A pedicle screW assembly for use in conjunction With 
a cylindrical rod for immobiliZing bone segments compris 
ing: 

a screW having a threaded shaft for insertion into a bone 
segment and an enlarged head With a generally conveX 
semispherical top and bottom surface; 
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a set screW; 

a polyaXial housing having a generally cylindrical inside 
surface of larger diameter than the diameter of the head 
of the screW and an inWardly projecting shoulder on the 
loWer portion thereof Which engages the bottom surface 
of the head of the screW, the housing including a pair 
of upstanding posts Which form the upper portion of the 
housing, the posts de?ning a U-shaped slot therebe 
tWeen to accommodate the rod and having interior 
threads for receiving the set screW; 

a cup-shaped cap de?ning diametrically opposed open 
ings Which ?t over the posts of the housing, the cap 
having a cross connector extending across the bottom 

thereof, the cross connector being positioned Within the 
U-shaped slot, betWeen the set screW and the rod, and 
de?ning a concave semicylindrical loWer surface for 
gripping the upper surface of the rod; and 

a Washer positioned Within the housing betWeen the rod 
and the head of the screW, the Washer having a concave 
generally semicylindrical upper surface for gripping 
the loWer surface of the rod, and a generally semi 
spherical loWer surface for engaging the upper surface 
of the head of the screW, the loWer surface of the cross 
connector and the upper surface of the Washer serving 
to ?rmly grasp the rod therebetWeen When the set screW 
is tightened to prevent the rod from rotating or moving 
longitudinally Within the housing, the loWer surface of 
the Washer having a roughened surface, Which rough 
ened surface in conjunction With the inWardly project 
ing shoulder of the housing serve to grasp the head of 
the screW and secure the housing in a ?Xed position 
relative to the head of the screW When the set screW is 

tightened. 
12. The pedicle screW assembly of claim 11 Wherein the 

loWer surface of the Washer is formed With a plurality of 
sharp protruding edges. 

13. The pedicle screW assembly of claim 12 Wherein the 
sharp protruding edges form a circular pattern on the semi 
spherical surface of the Washer. 

14. The pedicle screW assembly of claim 13 Wherein the 
protruding edges de?ne a stair step pattern of concentric 
circles decreasing in diameter from the bottom to the top of 
the recess. 

15. The pedicle screW assembly of claim 14 Wherein the 
Washer has a hardness value greater than the hardness value 
of the screW. 
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